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(54) Low-molecular pectin, and food and drink which contain low-molecular pectin 

(57) A novel pectinase for degradation a pectin or 
pectic acid is disclosed wherein 



(1) the novel pectinase is an endopolygalacturo- 
nase produced from a genus Saccharomvces. 

(2) the optimal pH is 4.0, 

(3) the stable pH range is 4.0 to 8.0, 

(4) the optimal temperature is 45°C, 

(5) the enzymatic activity is stable up to 45°C, 
and 

(6) the molecular weight is 38.000. A low-molecular 
pectin having a low viscosity and a high solubility 
and maintaining the physiological activity as the 
dietary fiber, and food and drink each of which con- 
tains 0.01 to 50 wt% of the low molecular pectin are 
also disclosed. 
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Description , : 1 

The present invention relates to a low-molecular pectin converted from a pectin whjlelhe. physiological activity of 
the pectin afe a dietary fiber is maintained, and food and drink which contain the low-molecular pectin. 

Dietary fibers are defined as hard digestive components in foodstuffs which cannot be digested by hu^ri^n digestive 
enzymes. The dietary fibers include non-digestive organic materials such as chitin and chitosan in addition to plant cell 
wall components such as cellulose; lignin,. and; pectin. In recent years, these dietary .fibers are fought? have various 
activities such as a defecation improving effect and an activity ofteducing the cholesterol content, of Wood and to play 
an important role in preventing diseases of adult people^ ^ ; . . , ; ,. . : . 

Of these dietary fibers, pectic substances such as a pectin and pectic acid have a strong activity as the dietary fib- 
ers. Various effects such as a defecation improving effect, an effectof repressing the level of ihe cholesterol content of 
blood, an effect of repressing formation of gallstones, and a hypertensive repression effect hjave.been reported, Con- 
ventionally, pectic r substances have beeaused as stabilizers in jams, fruit jellies, yoghurt drinks, and lactic acid bever- 
ages in food industries. Since the pectic substances have the above effects, they are expected as dietary fibers to be 

added in food and drink. ; - : - 

4 A pectiosubstance is boundtoith.the cellulose in an unHpe fruit or plant to be presentin the form.of a complex called 
a protopectin. In particular, the protopectin is contained in citrus fruits, apples,. and Chinese quinces in Jarge amounts. 
Although this protopectin insoluble; it is hydrolyzed to produce a soluble pectin .or, pectic acid when the fruit is ripened. 

Of these products, the pectin is a polysaccharide containing galacturonane as a polymer of r galacturonic acid as a 
major component and small amounts of rhamnose, arabinose, xylose, and galactose and having a molecular weigh of 

200,000 or more. • ' ' 

The pectin generally has a low solubility and a high viscosity and tends to gel. For this reason, although the pectin 
haslHte Various effects as described abovei- only a*mall amountof pectin isadded to,food and drink, and it is difficult 
to add the pectin in food and drink in an amount enough to expect the activity of the dietary f ibe/. .... , . 

It is, therefore, the first object of the present invention to provide a low-molecular pectin which has a high solubility 
and a kw viscosity and maintains the physiological activity as the dietary fiber. 

It is the second object of the present invention to provide food and drink which contain the low-molecular pectin. 

In order to achieve the above obje'cts-of thepresenfcinventiqn, a pectin is degrade^ using a pectinase to obtain a 
low-molecular pectin which has a low viscosity and a high solubility. The present inventors made extensive studies on 
many pectinase on the basis of the above assumption. As a result, the present inventors found thatendopolygalacturo- 
nases (EC3. 2. 1. 15) derived from a yeast (i.e., Kluweromvces fraoilis. JTF-1) belonging to the genus Kluyveromyces, 
a yeast (i.e., ftentrichum candidum. ^)TF^)cbetonging;to^the genus Geotrichunya yeast J. e, .-Candida Kefyr, JTF-3) 
belonging to the oenus Candida, and a yeast (i.e., fiarcharomvces bavanus. JTF-4) belonging to the qenus Saccharo- 
mvces were suitable as pectinase. In addition, the present inventors also found that even H enzymes obtained from the 
above yeasts were caused to act up to the degradation limit, the decrease in molecular weight of the pectin by degra- 
datiorrwas stopped at tKerfidlefcbter Vttelghtsofabocit 2Q.0Q0; and degradatioo noionger progressed, "[he present inven- 
tors also found that Iow-molecilt^pectlns*'havii3g: molecular yveights. of : 20,000^0 80,000 could be obtained by 
appropriate reaction condition control. 

The present inventors have deposited the micro-organisms for producing the pectinase (endopolygalacturonases) 
used in the present invention designated as JTF-1 (accession number: FERM BP-4056) on October 11, 1991, JTF-2 
(accession number: FERM BP-4057) on December 19,-1991, JTF-3,(accession number: FERM BP-4058) on March 6, 
1992, and JTF-4 (accession number: FERM BP-3916) on July 9, 1992 with the Fermentation Research Institute, 
Agency of Industrial Science and Technology located at 1-3, Higashi 1-chome, Tukuba-shi, Ibaraki-ken 305, Japan in 
accordance with the Budapest Treaty on the International Recognition of the Deposit of Microorganisms for the Pur- 
poses of Patent Procedures. ■ •■'-3 =.'"5 ■ ~'- - - " : 

The present inventors found for the first time that JTF-4 produced an endopolygalacturonase. 

Furthermore, a novel pectinase having the following natures (0 to (vi) is provided: - i: 

(i) The novel pectinase is an endopolygalacturonase which is produced from the genus Saccharomyces and 
degrades the pectin and the pectic acid. 

(ii) The optimal pH upon reaction at 35°C for 20 minutes is 4.0. 

(iii) The stable pH range upon heating at 35°C for 60 minutes is 4.0 to 8.0. 

(iv) The optimal temperature upon reaction at a pH of 5.0 is 45°C. 

(v) The enzymatic activity upon heating at a pH of 5.0 for 60 minutes is stable up to 45°C. 

(vi) The molecular weight is 38,000. 

According to the first aspect of the present invention, the endopolygalacturonases (the endopolygalacturonases 
produced from the yeasts JTF-1 to JTF-4 will be referred to as JTFP-1 , JTFP-2, JTFP-3, and JTFP-4, respectively) pro- 
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duced from JTF-1 , JTF-2, JTF-3; and JTF-4 are caused to act on pectins to obtain low-molecular pectins. - 5 <- : . ■ , • < 
According to the second aspect of the present invention, there are provided food and drink which contain 0.01 to 

50 wt% of thfe low-molecular pectin. ., ■ ..<,-■• = ■ 

This invention cah be more fully understood from the following detailed description when taken in conjunction with 
5 the accompahyirig drawings, in which: . : >■ - y^.\. ■> 

; Figf 1 'is & f flfSjafi'showihg the relative activity and the pH to determines optimal pH of. an enzyme (JTSiSM)} ■. ., . 
Fig. 2 is a (jfafth showing the relative activity-^and the' pNl:to determine-a stable pH range of the enzym^JTFP-4) • 
Fig. 3 is a graph showing the relative activity and the temperature to.deteriuine an optimal temperature of the 
10 enzyme (JTFfM); ■* : ; ^ r *' f '' ">=:.'■-■'. ... :r :., :jf - ■■-r? vir ;<•-; , ~ - .... 5 * wi.-i c" 

Fig. 4 is a graph showing thetelatfte activity arid the temperature to determine a stable temperature r^nge, of the 
' * enzyme (JTFP-4); and " ■ vs- lf -.., : ; -. ; ;-^r., 7 > Q : , i: , Vj . ;; t(; ^,.. ; , ; ^ .. 

Fig. 5 is a graph showing a viscos1ty*ctirV6'bf a low-molecular pectin according to thepresent invention, 

■ "- t ' : ri- ■ an*** . - n^'aas;<s M? -.sq :-v j.- , 0! r ^ f .-. \ 

is The present invention will be desCTibed in detail below. ■ ^ ,.. v > 

Ah ehdopbijfealla&ufdh^ JTF-4 belonging the genus. Saccharomyces aqcordingf to the 

present invention will tie ^ desaibed belo^? :> u: r. ■ j$ ;>-. • . ^ i!;r = cv - 

JTFPU'as^thV^hzyrhe tifih&fyteskhi frivtentiorVactson a pectin and pectic acid to hydrolyze them. JJJ^^as the 
following physicbchehiic&t ptopertie& ' rfir,0ilj;; " ;r *" 'V m ■ - : io*;» ^ t * t t: v. r 

(1) Substrate Specificity ... ^ vo qo>j - y - 

JTFP-^ 'sfccbrdihg^to We^pfe§^fihV6i1ti§h degrades the pectin and pectic acid, but does not d^gf^ie^soluljle 
starch, dextrin, and xylarh ;s,J »b b ims^s ?r; - vj c r L woi ■ r.cne r: im ? . s «v = : nn-.-jq -sr:; ^h t> • ; 

(2) Optimal pH - lda -* ^ y:iv^OR 'oo ^-M^a o^ri- ^ p ( ?i=;>^iv //oi s , r - 
" jTFP^ Sdtditling fo the present rnvefitidh has an optimal pttneana pH;oi^,'c ^ . .:c;;. y'i 5 ■ -, ^ -f 73bic 1 

30 (3) Stable pH Rafige^^ ■ - l 3'0J': 3 v,'' s:^ic srif ,?rj2vi s rciicsTHja 5 svoc^ s,-'? * -> ^^itosq- . it 

JTFP^4 according to the present Mention-iis stabte in thepMinan^cicrf'3* : t<5B. rp^r^^i ~ c *0 .9 :) t?3 ^« 

(4) Enzyrtatic-lS^V^^ ri nSu ' s ' ' sr,f 0PlGt 0i3ls sicmovni ineesiq erit : notfibbe ni .sssnjcac r ^ "-teM ;p c^^- 

3 The ^nzymatid-adtVity dnJTFPH'^ produqin@jBW|T»pJi9f/a 
reducing group of the hydrol^sate per miniite at=35°C inlh© hydrqdysis of4)©cS<^aQid)ob 1 /c* - :;fx jt Oc'e 2vj 

.ICVntV.i i.r-r./x t f;. e , 6^»'QO If.JCr 

(5) Optimal Temperature ,f:r ~ s ^^iv k>ojj -ct jn?.^^ -o-ir;i'.*t .xir^accfc :i; ^ -» 3^:7 

JTFP-4 according to the present invention has ah f optimal tetnperaturenear'45 0 C. r ~ ; -j .;. ■ 

■ r ■ ■ • ■ • ^ it-:? £ ./tjt, 3r°:- c ^ VlnS^ ; odm n re 

(6) Stable Temperature - ^ ;^y,H 6-' t • bifeoot vyob^r::;^ 7 <y: . ■- : ,v3:.v. : : s: • 

45 JTFP-4 according to the present invention is stable until 45°C. •>.,_. 

- ;-/'..;■: ^- r. :. ^tc -v; fc-^TL ve;;; e< '• ; r>v; ^ ; r. 7 "V>. ^ ; ' jJN " 

(7) Influence of Metal Ion and Inhibitor :o ; f oriwi y- : -^- .r : : ■ . . . * . 

JTFP-4 according to the present invention is inhibited by 69% with barium chloride, but is not inhibited with magne- 
50 siumsulfate. ■ , ■„ .r. ;: , : 

(8) Molecular Weight 

The molecular weight of JTFP-4 is 38,000. 

55 

(9) Amino Acid Composition 

JTFP-4 according to the present invention has a maximum content of glutamine and glutamic acid in a molecule 
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(130 residues per molecule). 

' According to the present invention, the endopolygalacturonase is caused to act on the pectin to obtain a low-molec- 
ular pectin. ■ • - ,: " : - * f: ; 

The endopolygalacturonases gerierally exist in bacteria, yeasts, fungi, and higher plants. Many stepsare required 
to purify the enzyme from these sources; That is, cells are removed from a culture solution containing microorganisms 
or thelike to obtain a culture supernatant. The-culture supernatant is subjected to ammonium sulfate^precipitation to 
salt out only a protein: The protein is separated based on charges thereof using an ion exchange material; The enzyme 
is separated by gef filtration in accordance with molecular; weights, thus purifying the endopolygalacturonase in accord- 
ance with such a general enzyme purif iwtton process.- i; ^' r:, v»' ■■ v: 

According to the-present invention/when a commercially available pectinase is/used, purification must be per- 
formed to eliminate pectin esterase and hemicellulase from the pectinase. .*"/; * !: ; <•/ ..: 

Since JTFP-1, JTFP-2, JTFP-3. and JTFP-4 produced from JTF-t; JTF-2, JTF-3, and JTF-4, respectively, are 
extracellular enzymes secreted outside tH6 rtiFc^ddrganisms, the culture supernatant can be directly used as a crude 
enzyme solution. The culture supernatant cari'b& generally obtained such that the yeast is cultured on an agar slant 
and is then cultured in mass production.- The resultant cultured product is centrifuged to eliminate the microorganisms. 
In this manner, the culture supernatant obtafri6d using the yeastvpan be directly used in an enzymatic reaction, thereby 
advantageously simplifying the enzyme purification process. 

The culture supernatant is preferably subjected to a simple treatment such as dialysis, ultrafiltration,, ion exchange, 
or gel filtration to eliminate the yeast smell produced in the reaction using this enzyme and to obtain a more transparent 
sbfuiibhv- ■•*''■ ' n '"^ • ■ 1 '■" ^ ■ ° : - ,f: ^'' J, * j v-' :-«:£;'•■ '-'i---.,-? = •"■ - : 

A low-molecular pectin is obtained such that the purified product, culture supernatant, or its treated product of the 
endopolygalacturonase obtained as described above is reacted with a suspension obtained by suspending a pectin in 
a buffer solution such as acetic acid. 

The type of endopolygalacturonase 1 used in the present inventionis not limited to a specific one if it reacts with a 
pectin to produce a low-molecular pectin having a molecular weight of about 20,000 to 80.000. However, JTFP-1 to 
JTFP-4 free from laborious operations sucSh as enzymatic purification areprefetebly used.', r\> ^ c<. < 

As a pectin used in the present invention, any pectin material can be used, and its origin is not limited to a specific 
one; TfiW^^ pectin^ ^originating' frdta fruits, such as a lemori pectin and-an apple pectin can be 

^frra Reaction' between the- pe6tih ! and -one of ^JTFP-1 taJTFF*-4, a purified product^ culture-supernatant (crude 
eruyme'sbtution),oritstreated^p^ ,: 

The degradation reaction b^^ when the con- 

iehkfrlh&yeastc^^ part by WeightiOf :the pectin. .The pref- 

erable reaction temperature and pH are those which allow a sufficient reaction and doMiofc; inactivate the 
endopolygalacturonase, i.e.. 30 to 50°C and a pH of 4.0 to 8.0. 

According to the present invention, etf^^e^n^yrSati&rfeattion is^erformed^ the degradation limit, the degra- 
dation of the pectin is stopped when its molecular weight is about 20,000. Therefore, by controlling the reaction condi- 
tibns--i^ an fctoWWy molecular weight falling within the range of 

about 20,000 to 80,000 can be obtained. ~' iLiTf;: ^ -a; r ! zc.-:, 

Although the tow-molecular pectin according to the present invention can have a molecular weight of about 20,000 
to 80,000, the molecular weight preferabry-faHg^Withln **he range of aboutSO.OOO to 70~;000 in view.of retention of the 
physiological activity as the dietary fiber and ease in addition of the low-molecular pectin in food and drink. A low-molec- 
ular p^dtfn most preferably has a moledilaf^ - 
: Thtedegraded productbf thepediflmay be^irectly drietiand used, or may be further treated. 
; When a further treatment is to be perfdrrfied/tHe degraded, product of the pectin is purified by dialysis or ultrafiltra- 
tion to eliminate gaiadurbnic acid and?Hs v oligosaccharide in the degraded product and acetic acid used as the buffer 
solution in the reaction. The purified degraded product isprecipitated using an organic solvent such as ethanol or ace- 
tone or dried by freeze drying or spray drying to obtain a powder for later applications. 

According to the present invention, there are provided food and drink which contain low-molecular pectins of the 
present invention. 

The low-molecular pectin obtained by the above method according to the present invention has a molecular weight 
falling within the range from that of a polysaccharide such as pectin or agarose to that of an oligosaccharide such as 
maltooligosaccharide or fructooligosaccharide. Although the low-molecular pectin has a lower viscosity and a higher 
solubility than those of the original pectin, it has a defecation improving effect as one of the physiological activities of 
the dietary fiber. 

On the other hand, since the low-molecular pectin according to the present invention has the above properties, it 
can be contained in an amount which allows to maintain the physiological activity as the dietary fiber, i.e., 0.01 to 50 
wt%, and preferably 0.1 to 5 wt%, which cannot be conventionally contained, in a variety of food and drink such as 
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juices, candies, breads, and jams. 

The food and drinkwhich contain low-molecular pectins according to the present invention exhibit improved physi- 
cal properties and an improved palate at the above contents. These physical properties and palate are different fipm 
those obtainol irra case wherein a conventional pectin is added to food and drink. ; ,, : • 

5 As ; described above, since the enzymes (JTFP-1 to.f.JTFP-4) used in the present; invention are extracellular 
enzymes SfeCteted outside the microorganisms, 1he culture; supernatant can be directly, used as a qrudetenzyraer solu- 
tion and in the»tortfsymatic reaction. Therefore,- the enzyme)cantadvantageou$ly simplify the enzymepurificatipn process 
and easily degraded the pectin into a lowrmolecular pectin. When the ^nzyws. usedJnJhe^pr^sentjnventipn are 
caused to act on pectins up to the degradation limit, the decrease ro. molecular weight oi the#e,clin upon degradation 

io can be stopped at about 20,000; and further .degradation cannc&progres&accordingito the characteristic feature of the 
enzyme. By controlling the reaction conditions; a lowsmolecuiaGpeqtifihaving a mplgcuiar weight falling within the.range 
of about 20,000 to ; 80;000 can be obtained. ^ . i>* :.->utj -Hi i. t :„ . * «; , ->.w; 

Since the resflltant low-molecular peGtin hasadow viscosity and a^high solubility and can-maintain the physiological 
activity (e.g.,: a defecation improving effect) of the dtetary fiber; -jhe4owrmQ|ecular pectin ganjbe easily added in the food 

is and drink in an amount; enough.*P4^ :: ... ; : . u , 

ThepresenHnvention.willbedes^ ^ . < * , : V ; 

[Examples] * =f-i'r .?<:.;■ -:r» !.s a*:u^ ir ^p^e, -a : » ; c t...;- y'r. 3 1 r-i ■ -£-v . 4 \>.; :i.T 

; « O! ■ .-• < i . :.- r • ;>"^vtf h .jitt* Qnic. t r ^ro^n sr * b?.Oi ■. !: * ■ s > .***■''' ■» r -. ,i< • ■ :|V 
50 Parts and percentage represent parts by weight and wt% throughout the examples, unless otherwise specif ied. 

Example 1 i v ^ • ^-'o r-oisnaaeu^ s * r ii:.^ ?: avx*- . .v* ;\~" $/■•/-.. r ';>,iSQ k /oqo^r 

Method of Culturing. JTF-1 toJTF*4andPreparationofrCrixje { Enzym^.So)utjpns- i^^ s .- r : w v ^j^t 
25 • *.. ; . ; f.O »,C " TiiOCu to v ioL : ■ OP' s r, iivs.* h=p -q :ri^i.oo' :*':-v : ; o .bo*;* C* ■ ; 

(1) Method of Culturing JTE-liandsRrepsration OfOrudje Enzyme ^krti©n J5 arc^s : r < <£• no* 99 -it t- '-v-vr,. 
: . :i ^r : ; v- ror, y :** v r!C '^a .t^u ed <-sc ic !?■■>-■ r- 'szi-t; vr^ ,r'- m*vn< ^.-955 r; snf r ^ rtcsr; fi 

■ "» Kluyverbmyces fragilis JTR-1 wasculturecbon the.slant$f pptatp sycrpse \gga$ (pH pt5^0).ad 27?C-fpr g^qurSoThe 
cultured Kluweromvces fragilis in one platinum loop was inoculated in 50 mi of a medium (pH of 5.0) containing J% of 
30 glucoserO.2% ofeammonium phosphate,f 0;1% of potassium pifinpry phgsg 1 hatei ] f0^o i of magnesium . suffate^i^J 0.4% 
of a yeast extract and was stationarilyucultuted at 27^C,for r ^day&d^^ was inoculated jn,1/ r of a 

medium having the samexompositiomaSfabove^hetQ^ at 27^0 §jr T 3 days. 

The resultartfcultured product was centfif tiqed iat:13,0C^/pmd^n^jQ^ & .^IPb 1 ■ ^^^PBftS^ 111 " 

r - ture supernatant^ t 1 trie -■>^^> s . irrycit^u.^ t> wul'e rtoirfw 93orit Hq siut?isqrvt "0\% r ^ 
35 .0.5 or O ro Hq » bns D u Cc 01 , 3 '■ **nc 0 c^oiiScyloqob :.i 

(2) Methodof Curturing^JTF-2-and Preparation Gf, ; Cru€l^E^^^ .noijoa/n.: »q ^ =;t p-TbnoobA 

An .iti iro ci ip&rnatant was nhtain^d following th^ L same proceduees as jrv(1),except that Geotric^um ; candidum JTF- 
2 was used in place of Kluweromvces fragilis JTF-1 . bsr-.sr :c • ^ -.3:; 0' *: .01 ;u : . ; 

(3) Method of Culturing JTF-3 and Proration of G^deEr>zymeSolu^^ v 000 c; 

Candida Kefyr JTF-3 was cultured on the slant ofepofato sucFqse agar (pHof 5.0) at 22sp.fbr 3 days. The cultured 
Candida Kefvr in one platinum loop was inoculated in 50 ml. of a rgedjum (pH qlS.Q) containing 5% ; of glucosje, 0.2% of 
45 ammonium phosphate, 0.1% of potassium primary phosphate^0.-1 %pf magnesiMm sulfate, and 0.4% of a yeast extract 
and was stationary cultured at 22°C for 3 days. This cultured ptpduct; was inoculated in .11 of a medium : having the 
same composition as the above culture medium and was stationary cultured at 22°C ( for 4 days. The resultant cultured 
product was centrifuged at 8,000 rpm for 1 0 minutes to eliminate, JTF-3, thereby obtaining a culture supernatant. . 

so (4) Method of Culturing JTF-4 and Preparation of Crude Enzyme Solution . : ; j 

Saccharomyces bavanus JTF-4 was cultured on the slant of potato sucrose agar (pH of 5.0) at 28°C for 3 days. The 
cultured Saccharomvces bavanus in one platinum loop was inoculated in 50 ml of a liquid medium (5% of glucose, 
0.2% of ammonium phosphate, 0. 1% of potassium primary phosphate, 0.1% of magnesium sulfate, and 0.4% of a yeast 
55 extract; pH of 5.0) contained in a 200-ml Erlenmeyer flask and was stationary cultured at 28°C for 3 days. This cultured 
product was inoculated in M of a medium having the same composition as the above culture medium and contained in 
a 3-£ Erlenmeyer flask and was stationarily cultured at 28°C for 3 days. The resultant cultured product was centrifuged 
at 8,000 rpm for 1 0 minutes to eliminate JTF-4, thereby obtaining a culture supernatant. 
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Example 2 " *.■•./• 

Method of Preparing JTFP-4 : 

The culture supernatant obtained in Example 1 was filtered through a millipore filter (pore size;G;45:nm) to perfectly 
eliminate JTF-4. The culture filtrate was dialyzed overnight in a 0.02 M acetic acid buffer solution (pH of 5.0) at 5°C. 
About 600 ml oHhe dialyzed culture supernatant were adsorbed in an ion exchange column (S-Sepharose) and were 
eluted in accordance with a density gradient method using an aqueous sodium chloride solution. Active fractions were 
Collected, and gel filtration column chromatography (Sephadex G-75) was performed using a 0.02M acetic acid buffer 
solution as an eluent. This chromatogram exhibited oheJhighly active peak;: The fractions corresponding to the highly 
active peak were collected and dialyzed overnight in distilled water at 5°C. The dialyzed product was condensed to 5 
m/ by gel filtration. About 1 mg of a purified enzymfe; was obtained as a protein from 600 m£. of the culture supernatant. 

The enzymatic activity (one unit) was determined by measuring the number of reducing groups in the hydrolysate 
obtained by the enzymatic reaction in accordance with the Sornogy^Nelsbn method. That is, one unit is an amount of 
enzyme for producing"! \imo\ of the reducing groups ofthe hydrolysate pet? minute at 35°C (the number of produced 
reducing groups is figured out as an amount of galacturonic acid). As a result of this measurement, the enzymatic activ- 
ity according to the present invention was found to be 33.9 units/mg protein. 

When SDS polyacrylamide electrophoresis was performed using this sample, the sample was detected as a single 
band. 

*Exartipte3 - , ' < "v* * 'Xr^o ; .-; . • ■, : 

~ - Thtefollowiffg experiment* was perforrnetfto* examine the properties of the?enzyme i JTFR-4) of the present inven- 

(1) Substrate Specificity 

In order to examine the substrate specificity of the enzyme, reactivity between the enzyme and substrates shown 
^r^Tabt^-l^s^examinedj^ 1 £ 0 a ;o w ir ;j hs^.* a -xii, - in:,-* v; . ■= v-iy- , <?■ ! t \: ; . 
- ; e§ch substrate was added sd thatHhtffinai airifcentratibn of a ? 02 M: acetic acid' buffer solution <pH of 5X>) wadset 
tobe"O:2%.0.1 m£ of ah enzyme gbl£rti6rt'W^dddfed*tot».15m/ of each resultant solution and 1 was reacted therewith 
*at"35*0*lry2G- minutes; The ^e&nCe7a&^fee#^ activity wasxtetected by measuring the 

* hurribeV'df reducihg terminals for ^ch^ in Table 1 . A mark 

■oltefaWe-l represents a-^u&stri^ a rrtetrto ^represents as&bstrate notdegradedby the 

o! o:, ; . "!■' ^ if.' ys^tj 3;rtJ to 9QnBi eiuteisofr^* &cs% 3rtT :b n\ & 0S rucos o* beo-j:?^ 1 .v ; .,; 

Table 1 cf'dinrr- o^o 



Substrate Spec'rf ity 


} Sybstratek ^ 


, Degradation . 


^ Pectin- , ; v 




. R^ctic acid . 




^Dextrin ^» r - 




Starch 


x 


Xylan 


x 



As is apparent from Table 1 , the enzyme of the present invention can degrade the pectin and pectic acid, but does 
not degrade a soluble starch, dextrin, and xylan. 

(2) Optimal pH 

0.02 mi of an enzyme solution were added to 0.23 ml of a Mcllvaine buffer solution having a pH of 2 to 7 and con- 
taining pectic acid to obtain a final concentration of 0.2% and were reacted therewith at 35°C for 20 minutes. The activity 
was measured by a Somogyi-Nelson method. Enzymatic activity values were measured as relative activities when the 
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maximum activity value was defined as 100%. As shown in Fig. 1, the relative activities obtained by the Somogyi-Mel- 
son method were plotted as a function of the pH to obtain an optimal pH. As is apparent from Fig. 1 , the optimal pH of 
the enzyme of the present invention was near 4. , . 

5 (3) Stable pH Range .::>-." 

Buffer solutions were a 0.2 M Mcllvaine buffer solution (pH of 3 to .7) and a phosphoric acid buffer solution (pH of 7 

tOlO),: : i :> '< . :^V-,/i . ..... .; , 

0.025 m£ of the enzyme of the present invention were added to 0.125 rrtf of each buffer solution having & pH of 3 
io to 10 and were treated at 35°>C for an hour. 0-15 m/ of a 0.5 M;acetic acid buffer solution (pH of 5.0) were addedto the . 
treated solution to adjust the pM to 5.0. Pectic acid' was added' to this solution so that thejinal concentration was 
adjusted to jO.2%, the resultant solution was reacted at 35°C 1or,20;minutes t and the activity was measuredby tl^eSom- 
ogyi-Nelson method. Enzymatic activity values were measured as » relative, activities when the maximurn activity value 
was defined as 100%. As shown in Fig. 2, : the- relative activities iDbtainedbyrthe Somogyi-Nelson method were, plotted 
75 as a function of the pH to obtain a stable pH range. Asms appareritfrom : Ftg,2, the .enzyme of the present invention, was 
stable within a pH range? of c4 to 8/.' j l c w.ms \ • ;a d\ ; km^'-v t :> s j-j^-^ 1 . i, -o , >. 

(4) ^Optimal Temperature:, '- ^ =" ? eUyxz w\\ ;. ; tsu r.-vr -jt.r i \^?> : -v-;-- > y. > , J ' .'. . : 

20 0.02 mi of the enzyme of the present invention were added to 0.23 mi of a 0.2 M Mcllvaine buffer solution (pH of 
, 5.0) containing 0.2% of pectic acid and were reacted therewith at a temperature of 20°C to 80°C for 5 minut^jand: the 
activity was measured by the Somogyi-Nelson method. Enzymatic activity values were measured as relative activities 
■5 when the maximum activity value was;defined as 100%. ASiShown in Fjg, -3 ^the^ relative activities pbtairaecJijysth? Som- 
ogyi-Nelson method were plotted as a function of the temperature to obtain an optimal temperature. As is apparent i Fpm 
25 Fig. 3, the optimal temperature of the enzyme of the present invention was about 45°C. 

(5) Stable Temperature Range 

cr-\ * z -t^t*.* ?r\) r *w;>- yf^fo^ei ?<rn<r , . , 3 en/ to v: ; - *ti.>3t;3 sfff^CL^ i»nt .-fr' v ^cnob-o-: 
0.02intf of the enzyme of the present invention were added to 0.13 mi of a 0.5 M Mcllvaine buffer $pMio$ (phi- of 
30 5:0) and were heat-treated at a temperature of 20°C to 65*10 for fiQjmtoutes^Afte&tbe^ Geoled with . 

ice, 0.1 m/ of a 0:5% aqueous pectic acid-solution was added toteacb. tregte^-^olution snd was readecttherpwithiat 
» 35°C for 20, minutes, andihe activity was=measured?by the* Sonio.gyinN^§:or^ethpct Enzymatio activity ^alye^were 
.< measured as telative atfivities,^^^ Fig^lMfielative 
activities obtained by the; Somogyi-Nejson method were p!ott£&a#a\fun^^^ tapbtain a stable tem- 

35 perature range. As is apparent from Fig. 4, the relative activity of the enzyme of the present invention was 73% upito 
45°C, but was reduced to about 20% at 65°C. The stable temperature range of this enzyme was limited up to 45°C. 

(6) Influence of Metal Ion and Inhibitor ■ : 

40 Influences of a metal ion and an inhibitor on the enzyme of the present invention were examined. 

Each metal ion and the inhibitor in Table 2 were added in^fl5 m^qf a 0.2 M acetic acid buffer solution (pH of 5.0) 
containing 0.002 mi of the purified enzyme solution "to obt^a c^centration of 1 mM. Each solution was reacted at 
35°C for 5 minutes, and 0.1 ml of a 0.5% aqueous pectic acid solution was added thereto. The resultant solution was 
reacted at 35°C for 20 minutes, and an inhibition ratio was /calculated using the Somogyi-Nelson method. Results are 

45 shown in Table 2. The inhibition ratio is a relative value with reference -to; a case (0%) in which a metal or inhibitor is not 
added. ~ r 7~T'" j 



-Table 2---'- 



Influence of Metal and Inhibitor 


Compound 


Concentration (mM) 


Inhibition Ratio (%) 


No additive 




0 


BaC/ 2 


1 


69 


KC£ 


1 


35 


Pb(CH 3 COO) 2 


1 


54 
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Table 2 (continued) 



Influence ol Metal and Inhibitor 


Compound 


Concentration (mM) 


Inhibition Ratio (%) 


MgS0 4 


1 


0 


FeS0 4 


1 


A : 18 


CaC/ 2 


1 


31 i . 



10 



15 



As is apparent from Table 2, this enzyme was most inhibited (74%) by EDtX. The enzyme was inhibited by a bar- 
ium ion (barium chloride) by §9%. No inhibition was found with a magnesium Jon (magnesiurn sulfate). 

(7) Molecular. Weight ^ : : • • ^ ^/ : 

The molecular weight of this enzyme obtained in Example 2. was measured. by SDS polyaGrylamide electrophoresis 
to be 38.000. 

(8) Amino Acid Composition 



20 



The enzyme of the present invention was hydrolyzed with 6M hydroch)oric s acjd .ai 105°C for 24, hours. The hydro- 
lysate was analyzed by an amino acid analyzer (Hitachi, Model 835) to measure the amount of constituent amino acid. 
The measurement was repeated three times, and a^ratio of the amino; acidcortfents was calculated to obtain an amino 
acid composition. Results are shown in Table 3. 

25 r-rv; \r \ ,r: / *• ' w:. 



Table 3 



35 -:In'-*r. r i- 



40 '':<= 0:(:> ' 



45 



50 



55 



^■AmlnofAcicI Composition 1 v 1 "H 


a ... . .^vmiao.Acjd , 


Amino Acid Residue (per t 
. . molecule) : . , 


Asparagine + aspartic acid 


15 


Threonine 




!iSerme;;au' : ^ c-'^vss k- 




Glutamine + glutamic acid 


130 


Glycine 


37 ;, 


Alanine 


17 






Methionine 


1 


Isoleucine . ; 




Leucine 


7 


Tyrosine "'.*'^ ""[] . ^ 




Phenylalanine : : S: r 


. ; 4., . ; ... V- 


Lysine 


8 


Histidine 


6 


Arginine 


3 


Proline 


8 


Note) 

No experiments for detection were performed for tryp- 
tophan and cystine. 
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As is apparent from Table 3, the amount of amino acid residue per molecule is largest in the glutamine + glutamic 
acid and is the second largest in serine. ,7;,~ 

Example 4 ' j 

Preparation and Analysis of Lemon Low-Molecular Pectin 
a) Preparation of Lemon Low-Molecular Pectin 



10 (1) Preparation of Low-Molecular Pectin by JTF-1 Culture Supernatant 

100g of a lemon pectin (Wakb JunyaikU Kogyo) were suspended in 4l of a 0.025 M acetic acid ; buffer solution (pH 
of 4.8), and M of the culture supernatant prepared in (1) of Example 1 was added thereto. The resultant solution was 
reacted at 40°C for 24 hours. The resultant reaction solution was condensed by a rotary evaporator at 60°C and was 
is dialyzed overnight with respect to 1 00-fold deionized water of the sample solution. In addition, the dialyzed product was 
freeze-dried-to obtain ; 58V34g of thetemon^ow-molecular pectfn. - • ^ 

(2) Preparation of Low-Molecular Pectin by JTF-2 Culture Supernatant 

20 59.25g of a lemon low-molecular pectin were obtained following the same procedures as in (1 ) except that 1 £ of the 
cultur e supernatant prepared to (2) otEfcampleYl Was used; /->^' ; . 1 > r> i.'T 

- (3) Preparation of Low-Molecular Pectin by JTF-3 Culture Supernatant ; ~ v? ^; = ,. t ,v -^ t v I'-iis*- .;,.r 

25 60.74g of a low-molecular pectin were obtained following the same procedures as in (1 ) except that M of the culture 
: v supernatant prepared in (3) of Example 1 was used. 

; *"-(4) Preparation of Low-Molecular Pectin by JTF-4 Culture Supernatant ; 

30 : v 70.40g of a low-molecufar pectin W^ire obtained following the ^^rne prBfcedures as in (1 ) except that 1 £ of the culture 
: supernatant prepared in (4)*pf Example'1 was used. [ 

> b) Analysis of Lemon Low-Molecular Pectin ! _ ; 

35- The lemon low-molecular pectins obtained in (1) to (4) of a) were subjected tattle following measurements (1) to 
(4). ; , : . , ^ I 

(1) Measurement of Molecular Weight - t .r^o- t fO ! 

40 The main peak of each lemon low-molecular pectin was measured by HPLC analysis using a TSK-G 4000 PW gel 

filtration column to calculate its molecular weight using Pullulan (STANDARD P^82, Showa Denko) as the standard 

sample. t j y\:vj* ?v* 

j . 

(2) Measurement of Ratio of Galacturonic Acid to Neutral Sugar ' * - :?i ! 

After each lemon low-molecular pectin was perfectly decomposed using Driselase (KYOWA HAKKO), the ratio of 
galacturonic acid to neutral sugar was measured by HPLC analysis using a Shbriex Sugar SH-1821 column (S. Matsu- 
hashi, S. Inoue and C. Hatanaka, Biosci. Biotech. Biochem., 56, p. 1053 (1992)). 

so (3) Measurement I of Viscosity 

A 5% solution of each lemon low-molecular pectin according to the present invention was prepared, and its viscos- 
ity was measured using an E type viscometer (Tokyo Keiki, VISCONIC ED Type). 
Results in the above measurements (1) to (3) are shown in Table 4. 

55 



EP O 868 854 A2 



Table 4 



5 




Low-Molecular Pec- 
tin by JTF-1 Culture 
Supernatant 


Low-Molecular Pec- 
tin by JTF-2 Culture 
Supernatant . . 


Low-Molecular Pectin 
by JTF-3 Culture 
..oupcrnaiani 


Low-Molecular Pectin 
by JTF-4 Culture 

Qi tnarnafsnt 
OUfJci lldlaFH 




Yield (%) 


58.?4 


. 5?,25 . : 


60.74 


70.40 




Molecular Weight 


6.6 x 10 4 


6.6 x10 4 - o 


6:6 x10 4 


;. • 6.6 x 10 4 


10 


Galacturonic Acid : 
Neutral Sugar 


87.7: 12.4 


: '87.1: f 2.9 


] 86.3 :137 


• 7 r 86.5 : 13.5 




Viscosity (cp) 


15.97 


15.97 


15.97 


15.97 


15 


Outer Appearance of 
5% Aqueous Solu- 
tion ! ' * r 


yellowish brown 


yellowish brown 


yellowish brown 


'> yellowish brown 



(4) Measurement II of Viscosity 

20 v .r-.. ?■>. *o -rq ' '? ■ ; ^ •- r : V. ' ? 4 ?j ^7- Or L-i $U\^ :. r o~- -oofs: ': : !. c \ ; ■:.*:, 

?> q : v The vifectoSity o1 the lemon low-molecular pectin obtained in (1) of a) was compared withdhaLof a lemon pectin. The 
viscosities were measured using an E type viscometer (50 rpm). Results are shown in:Fig. 5:oThe viscosity of the pectin 
was considerably reduced. Similar results were obtained for other Jow-molecular:pectins= ' : * ; :v£ ^ -j >>: 

25 (5) Defecation Improving Effect y . 

;*j 4-W^ekoldSDi male* rats were fed ^ith:a c»mmerdal;solid feedc(onentat yeast solid feed MF). for 4 days and were 
divided into four groups each consisting of five rats. A feed containing the low-molecular pectin obtained in (1) of a) and 
components shown in Table 5, and tfsolid feed were supplied to each groups and the rats were fed for 9 days.^The feces 
30 of the fatSWthe nihth day^erecotrectecf^Results areshown in Table 6. The hardness.of the feces by= the solid feed 
^was^sfed ais' a reference. The hardier - 

Table 5 



35 


Component 


Control Group (g^. 


. Pectin Group (g) 


Low-Molecular Pectin 
Group (g) 




Casein 


. J.. T^J;' 





22 




Lard ! 


i 

9 ; 


9 ,: 


\ 9 


40 


Corn oil 


1 ; 


1 


^ 1 




Mixed Salt 


3.5; " ;t "' :: * - 




3.5 




Mixed vitamin 1 


1 ! 


1 


1 


45 


Choline chloride 


0.2! 


0.2 


;> 0.2 




Cholesterol 


1 ; 


1 


l ' \ 1 




Bile acid 


0.25 


o'is 


0.25 


50 


Pectin 1 ) 




.'' 5?-. "". ' 




Low-molecular pectin 1 ) 






5 




Sucrose 


63.3 


58.3 


58.3 



1) The pectin and the low- molecular pectin were prepared from a lemon p ctin (Wako Junyaku 
Kogyo). 
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<• Table 6 





Solid Feed 


Control Groups 


Pectin Group 


Low-Molecular Pectin 


\ Softening 


0 




+ 


+ : 



Judging from the above results, the low-molecular pectin prepared using the yeast of the present invention has a 
feces softening effect and was found to have a 1 defecation improving Effect. : ' 
io Similar results were also obtained.for other low-molecular pectins. , 

Examples 

Applications of Low-Molecular Pectin vr .. , 1JVO y- \ •••*>.•.■<. ■ v . 

15 I ~ ' j " """""" " ■ • 

Applications using the low-molecular pectin obtained in (1 ) of Example 4 will be described in the following a) to c). 

a) 30% Apple Juice 

20 6 parts of 5-time condensed apple juice, 10 parts of granulated sugar, 0.2 parts of DL-malic acid, 0.02 parts of 
sodium citrate, andsa parts of distilled-water were mixed with ipart of the low-molecular pectin to:prepare a 3G%^apple 
juice containing 1 wt% of the lowimolecular pectun3 .(mo 0^ t^mrv<;i-. 3; ;t , r ; os';,^.*j ria v ^ftij^co;- 1 .- 
The juice containing the^ldwHrnotecular pectin exhibited smooth/iector-Jike physical properties, yw-^bi^oj ast: 



25 b) Hard candy 



A composition material (Table 2) containingJip^rto^theJow-molecuIar pectin was jjsed to prepare ,an : ^)ple type 
: hard candy; •": woe.; ^.om-^c. f.»rif ">e9t a 9v;? to eniisiarci ^ S5 . *\ic-t otm o*hiv»b 

1 Sugar, millet jetly, and water were mixed with each other;<and the resolta W^mixture^was heated to tJ ©f €^ Ihefow- 
30 molecular pectin dissolved in a small arffountof water was added tojttne^bjov^nii^L^eard was boiled^own:^ t47°£. 
Citric acid, spices, and a coloring agent were added to'and jjaixedHn the botlesdWown mixture. Jhe re^ultantfnj^yrevyas 
cooled and molded. As a control, an apple type hard candy obtained by adding 1 part of a pectin was prepared and was 
compared with the hard candy of b). Results are summarized in Table 8 below. 



- " Components tparts-by-^^ight) — ; 


Sugar 


! 60 

^ ; 


Millet jelly ! 


j 40 


Apple juice (5-time condensed) 


1 2 


Water 


! 17.5 


Citric acid 


1 


Spices 


0.1 


Coloring agent 


.appropriate amount 


Low-molecular pectin 


1 



50 



55 
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Table 8 



10 





Outer Appearance 


Taste 


Total tvaiuaiion 


1% low-molecuiar pectin-added 
candy 


properly dispersed 


sour-sweet; mild taste f 

<: ■ m- 


' v#y good 


1% pectin added-candy 


lump of powder; not properly dis- 
persed 


too sour; strange taste 


not satisfactory 











When 1 wt% of pectin was added to the candy material, the pectin formed a lump of powder and could not be prop- 
erly dispersed. Hbwever.'when the Idw-moleclilar pectin was added;inthe same amount as that of the pectin, the low- 
molecular pectin could be properly dispersed and facilitated the preparation of candies. In addition, the pectin-added 
15 candy was too sour and had a strange taste; However, the low-molecular pectin-added candy tasted good. 

c) Bread " -^■^•■^ •:•<..- , •: •• ^-^i l : > ';.^<v ^ •• v ••; r .• .. •■ 



20 



Bread was prepared using a composition material shown in Table 9. 
^"2.5 paVf&'of the low-molecularpectin weredissolved in waters advance, and this aqueous solution was mixed in 
the material (Table 9) except for a dry yeast The resultant mixture was charged in a bread case of a Sanyo bread maker 
(SPM-Bty-ahd the dry yeast was-added thereto; The mixture was kneaded and fermented to bake the bread As a con- 
trol; bread was baked using the" material composition (Table 9).f rom which the low-molecular pectin was omitted. 



25 



" ;: -. lot** 



35 





'* >• ^ Kj) no 




Table 9 


-nitjC-vOT-Vj' 


"v- ... * - v* " . i.*- 


> CI ^(^mpbriente^part by weight}' — D 




z ,High,protein flour. ^ - ,. : 




t'*!"'j'.. ",v ■ ■ or* i v 1 


^Su^ar^- \^r.rr* 






Skim miik 


6.8 




shortening 












;v : LowrpipleculaLr pectin^ 







40 



The organoleptic test results are shown in Table 10. Bread containing about 0.5 wt% of the low-molecular pectin 
and bread of the control were almost the same^but the low-molecular pectin-added bread was softer than the .control. 



45 "" 





^ Table 10 .. ' - V; 






Outer Appearance and Taste 


Total Evaluation 


0.5% Low-Molecular Pectin-Added Bread 


Slight yeast-like smell; softer than the control; uni- 


good 




formly baked in brown 




Control 


pleasant smell of bread; uniformly baked in brown 


good 



55 



The above tests a) to c) were also conducted for the low-molecular pectins obtained in (2) to (4) of Example 4, and 
similar results were obtained. 
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Example 6 

Preparation of Apple Low-Molecular Pectin 

Apple Ip^'-morecular pectins were prepared from an apple pectin- (Wako Junyaku Kogyo) obtained following the 
same procedures as in (1) of Example 4, using the culture supernatarts prepared In (1) artd (3) of Example 1 : Each of 
the resultanUow.-inoJecular pectins had. a molecular weight of &6x ioi._ _ 

Example 7 r^-..< ' 



Preparation of Low-Molecular Pectin by Culture Supernatant Obtained by Dialysis 



(1) Preparation bf Low-Molecular Pectin Using Culture Supernatant^oiCriide. Enzyme Solution Obtaine&frorp JTF-1 

A low-molecular pectin was prepared following the same procedures as injExample:4 except that at culture super- 
natant obtained by dialyzing overnight M of the supernatant obtained in the method of (1) of Example 1 against 300/ 
of a 0.025 M acetic acid buffer solution (pH of 4.8) was used in place of the culture supernatant prepared in the method 
of (1) of Example 1 . The resultant low-molecular pectin had a molecular weight of 6.6 x 10 4 . 



' 'V; 



(2) Preparation of Low-Molecular ( Pectin Using Culture Supernatant of Crude fnzymfcSolution Obtained fe^m JJF-2 
— - • •" ov. ri? eh ^^^tnt^sn^o^na ^/^u<j/ ■ * r i&t-L^ 9' ' jr.-jv y< \r- x , y^ u.> ->k, if* Ifiit&te'n b&. 

■ A low-molecular pectin was p^efparedfoJ lowing the same procedures, as in Example^ exqept Ihat^cultLg-e^ijper- 
natant obtained bjndialyzing overnight t/iof »the sup^natanrobtainediinih^methocfecrf (2) of gxample.l, §^i£st<3Q0/ 
of a 0.025 M acetic add buffer solution (pH of 4.8) was used in place of the culture supernatant prepared in the method 
of (2) of Example 1 . The resultant low-molecular pectin had a molecular weight of 6.6 x 10 4 . 



(3) Preparation of Low-Molecular Pectin Osfe^Ojufure ^ St^erjOa&^.p^rude Enzyme Solution Obtained from JTF-3 



A low-molecular pectin was prepared folfowinglhe same procedirfe aslin Example 4 except that a culture super- 
natant obtained by dialyzing overnight 1lx>f the supernatant obtainedjnjthej method of (3) of Example 1 against 300/ 
of a 0.025 M acetic acid buffer solution (phi qf 4.8) was used in place of th^culture supernatant prepared in the method 
of (3) of Example 1. The resultant low-molecular pectin had a molecul^lfrei^htof 6.6 x 10 4 . 

| 8.6 j Mm mt>l3 

(4) Preparation of Low-Molecular Pectin Using Culture Supernatant of^Crupte Enzyme Solution Obtained from JTF-4 



A low-molecular pectin was prejpared^dllowingjthe same proftstfure£<as 
natant obtained by dialyzing overnight M<tf the supernatant obtaine^ iatjpe 
of a 0.025 M acetic acid buffer solution (pH of 4.8) was used in place of the culture 
of (4) of Example 1. The resultant low-molecular pgctftffiad £p mblfeffla^wleight 



in Example 4 except that a culture super- 
method of (4) of Example 1 against 300/ 
supernatant prepared in the method 
of 6.6 x 10 4 . 



Claims 

1. A low-molecular pectia obtained by causing anendopolygalacturonase^tp act-ortKa.pectirv 



..;0 W 



2. A low-molecular pectin according to claim 1 , characterized in that the endopolygalacturonase is produced from 
Kluyveromyces. a genus Geotricum. a aenus Candid& for a genus Saccharomyces. 



3. A low-molecular pectin according to claim 1 or 2,-characterized in that the pectin has a molecular weight, of 6.6 x 



10 4 



VI v'Tp- 



4. A food or drink characterized by containing the low-molecular pectin according to either one of claims 1 \q 3, at 0.01 
to50weight%. 1' 
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OPTIMAL, TEMPERATURE 




• TEMPERATURE ( *C ) 



f i g; "3 




FIG. 4 
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2 3 .-4 
CONTENT (%) 



F I 6. 



5 



